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对其进行了 2-DE，并通过质谱分析鉴定了其中 16 个差异蛋白，包括了 12 种外
膜蛋白，为下一步的研究奠定了基础。 
然后，根据实际情况对 2-DE 的 10 个差异蛋白进行了 Western blot 验证，结
果显示，在 3 个葡萄糖梯度条件下，Fhue、TolC、OmpA、OmpW、Dps、FadL
和 OmpC 的表达量均明显地随着葡萄糖梯度的提高而逐渐顺次提高；Ef-Tu、
OmpF 和 OmpT 的表达量则随着葡萄糖梯度的提高而逐渐顺次降低。这些结果均
与 2-DE 的分析结果一致，表明这 10 种蛋白（除了 Dps 外均为外膜蛋白）在 E.coli 
K-12 的糖代谢过程中，分别具有一定的作用。 
最后，在对这些结果进行 Western blotting 证实的基础上，采用基因敲除菌
株和补救菌株进一步进行葡萄糖代谢分析。结果表明，OmpA 有助于提高大肠埃
希氏菌外膜对葡萄糖进入的通透性，而 TolC、OmpW 、OmpC 和 OmpF 降低了
外膜的通透性，排斥葡萄糖进入细胞。除了 Dps 还未知外，FadL, OmpT 均为已
知的孔蛋白，它们的表达不论上调还是下调，均降低了外膜的通透性。进一步实
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Abstract 
Escherichia coli, which is a parasite in human or mammal intestines, is also a 
gram-negative aerobe or facultative anaerobe. Since it is characteristic of wide 
distribution, good self-reproduction, quick development and simple structure, it has 
become an important biological mode material in modern life sciences research, 
especially in molecular genetics and biological engineering fields. This paper 
investigated the outer membrane proteins (OMPs) of E. coli K-12 by proteomic 
approach, especially functional proteomics. On the basis of the establishment of E. 
coli K-12 2-DE map, we studied the OMPs expression difference among bacteria 
cultured in different glucose concentrations. 
First, we extracted the E. coli K-12 OMPs by sodium lauroyl sarcosine and 
identified 16 proteins including 12 OMPs with the combination of 2-DE and PMF 
methods. This molecular exprerssional profile of E. coli K-12 OMPs provided useful 
data for further studies. 
Then, we tested 10 differential OMPs in 2-DE using Western blot. As a result, 
we found protein expression of Fhue, TolC, OmpA, OmpW, Dps, FadL and OmpC 
was respectively increased step by step, but that of Ef-Tu, OmpF and OmpT 
decreased gradually, according to the fact that glucose gradient improved from low to 
high. These Western blot images confirmed the 2-DE profiles mentioned above and 
showed that the 10 differential proteins, including 9 OMPs, played an important role 
during carbohydrate metabolism of Escherichia coli K-12. 
At last , we analyzed carbohydrate metabolism difference among gene knockout 
strain, rescue strain and wild type strain of Escherichia coli K-12 using functional 
genomics technologies. The work led us to the conclusion that OmpA helped to 
improve the outer membrane permeability of glucose, while TolC, OmpW, OmpC, 
OmpF, Dps, FadL and OmpT decreased the permeability and repulsed glucose. 
Furthermore, carbohydrate metabolism of Escherichia coli K-12 was regulated by 
EnvZ/OmpR, a double-component signal transduction system. All the experiments 
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bacteria played a functionally important role during carbohydrate metabolism. 
 























































图 1-1. 大肠埃希氏菌外围结构示意图（引自文献[2]） 
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细菌外膜蛋白的主要结构是 α 螺旋和 β 折叠，α 螺旋的特点是一段连续的
20~30 个几乎以脂肪侧链为主的非极性残基和两端为芳香基团侧链的残基[3]，每
个 α 螺旋主链氨基均原位成对。由于 β 折叠主链上的氢键供体和受体不能与 α


















































图1-2. 载体介导的糖类运输机制 (引自文献[4，5]) 
Fig. 1-2. Carrier-mediated transport mechanisms. 
Representative examples (in parentheses) occur in E.coli. Abbreviations: 
GLYC, glycerol; MAL, maltose; LAC, lactose; MEL, melibiose; GLC, 
glucose; G-6-P, glucose 6-phosphate; PEP, phosphoenolpyruvate; D+ Pi, 
nonphosphorylated donor plus inorganic phosphate; D - P, high-energy 












































受到基因 glpR（位于染色体的 74min 区域[10]）产物的消极调控。他们估计蛋白

































表 1-1. 大肠埃希氏菌中的休克敏感性糖类运输系统[16，17，18] 
TABLE 1. Shock-sensitive carbohydrate transport systems in E. coli 
 



















精转运系统的 5 个编码基因位于大肠埃希氏菌染色体的 malB 区域[19]。目前已经
成功鉴定了其中 3 个基因的表达产物，它们分别是，(1) malE 基因，编码胞质麦
芽糖结合蛋白的结构基因[20]；(2) 基因 lamB，编码细胞外膜孔道蛋白，协助易
化麦芽糊精的跨膜运输[21, 22, 23]。(3) 基因 malF 的表达产物是细胞质膜蛋白。其
余两个基因 malK 和 malG 的表达产物尚未得到鉴定。 
基因 malB 的调节子大约位于大肠埃希氏菌（E.coli）染色体的 90min 区域[24]，
细菌在麦芽糖生长环境中，麦芽糖结合蛋白及其转运被诱导活性提高 10 倍以上，
同时它们的活性又受到基因 malT 突变株的抑制。基因 malT 位于基因 malA 区域





































































































[47, 48, 49, 50, 51]。 
为了维持质子梯度，细胞膜就必须拒绝氢离子和氢氧根离子的跨膜通透。
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